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SUMMARY
An analysis was made”of the daily upper-wind soundings obtained from
one station for a period of one year in an attempt to obtain measurements
of the vertical wind shear in a form applicable to airplane- and missile-
response problems. On the basis of the variation with altitude of the
wind speed and direction indicated by the soundings, significant wind-
shear layers were resolved into two crosscamponents,the so-called longi-
tudinal and normal shears, and their intensities and thicknesses deter-
., mined. These data are summarized in the form of frequency distributions
of the shear intensity and the thickness of the shear layers for clifferent
altitude ranges and seasons of the year.
.
The results.indicatemaximum longitudinal shear intensities of about
100 meters per second per lcilcmeteroccurring at altitudes of 10 to 15 kilo-
meters during the winter +3 spring months and maximum normal shear inten-
sities of about 60 meters per second per kilometer. Only about 10 percent
of the shear layers“weregreater than 1 kilometer in thickness. The
application of these results on the wind-shear intensities to the calcu-
lation of the normal response of a missile in
ferent altitud6s is also considered briefly.
vertical flight at two dif-
INTRODUCTION
In the past, information on the wind velocities at different alti-
tudes has been of interest in the operation of conventionalmilitary and
commercial airplanes primsrily because of the effect of the wind on the
range or performance of the airplane. In particular, the wind speeds
and directions at the optimum cruising altitudes are significant factors
in flight planning. With the development of airplanes capable of high
rates of climb or descent, the need has become urgent for more detailed
information on the wind variations with altitude because of the effects
of the large vertical wind gradients (wind shears) on the loads or motions
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—— . . .. . . . — ..-— —.
2 NACA TN 3~2
of the airplane during high-speed W or descent. l!hisproblem is also
serious for missile operations since the accuracy of ballistic missiles
and the regyirements for the stability and control of guided missiles .-
may be seriously affected by the response of the missile to intense verti-
cal wind gradients during the vertical-flight portion of the trajectory.
As a consequence, data are needed on the characteristics of the vertical
wind shear at clifferent altitudes.
A considerable amount of data on the wind speeds and directions at
different altitudes is available from past investigations. The varia-
tions in the wind fields for altitudes up to about 30,000 feet (9 kilo-
meters), for example, are discussed in some detail in reference 1.
Exm@es of krge mind shears in the vichity of the jet @resin near
tropopause levels are given in references 2 ad 3. For higher altitudes,
reference 4 sunmsrizes the average *d conditions as determined by vari-
ous methods such as balloon soundings, sound-propagationstudies, and the
drift of smoke puffs from bursthg smoke shells. In most of these cases,
however, the data sre not in a form suitable for deterdning the magni-
tude and frequency of occurrence of the vertical wind shears at given
altitudes for use in design studies of the loads and motions of airplanes
or missiles.
Tn order to provide the designer wtth information on the magnitude
and frequency of occurrence of the verticsJ-wind shears to altitudes of
about 100,000 feet (30kilometers), a study of wind data obtained from
balloon soundings was undertaken by the National Advisory Committee for
Aeronautics with the.cooperation of the Office of Climatology, U.S.
Weather Bureau. For this study, the daily upper-air soundings taken at
the Weather Bureau station at Stlver ELll, Maryland, for a period of
one year were used to determfne the shear layers from the variations in
the wind velocity and the altitude intervals over which these variations
occurred. The calculations tor the shear lqers utilized the facilities
of the National Weather Records Center, Ashville, North Carolina.
Although data on the wind velocities obtained from balloon soundings are
recognized as be= limited both in altitude and in the reliability of
the observationsby the performance of the surface tracking equipment,
the soundings offered the only available source of statistical data on
the wind shears.
.
In this report, the data on the vertical wind shears evaluated from
the Silver Hill soundings for the one-year period are presented in a form
suitable for assessing various aiqilane- and missile-responseproblems.
The method of evaluating the soundings is described together with a con-
sideration of the accuracies involved. As an indication of some applica-
tions of the data, ah example is then given of the calculated normal
response of a ballistic missile to a typical wind-shear layer.
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SYMBOLS
.
h
Ah
s
As
St
v
.
AV
a
altitude, km
altitude increment, km
vertical wind shear between reference altitude and next high-
est altitude level, reps/km
increment of wind shear for successive altitude intervals
above reference altitude, reps/km
vertical wind shear for a given shear layer, qps/km
wind velocity, mps
wind-velocity increment or wind gradient, mps
wind direction, deg
E elevation angle,
a rout-mean-square
Subscripts:
deg
(rms) error of designated quantity
o reference altitude or adjusted value
1,2,...n successive altitudes above reference altitude
A bar over a synibolindicates the Mean value.
DEKENITIONS
Vertical wind shear - The average wind gradient in the vertical;
the difference in the wind velocities at an upper and a lower alti-
tude divided by the altitude increment, ~.
Longitudinal wind shear - A component of the vertical wind shear
for the case in which the wind velocity at the upper altitude is the
velocity component parallel to the wind direction at the lower altitude.
Normal wind shear - A component of the vertical wind shear for the
case in which the wind velocity at the ~er altitude is the velocity
component normal to the wind direction at the lower altitude.
. . . .. .. .... .—-- —— ___ —. -.— ... —— .- .-.
NACA TN 3n24.
Shesx
tudinal Oq
layer - An altitude interval for
normal wind shear is equal to or
which the calculated longi-
greater than 6 reps/b.
SCOPE CFIWCAAND
The data available for the present
APPARATUS
stud..consisted of the daily
0300 and 1500 G.m.t. (10:00 p.m.-and 10:00 a~m. e.s.t.) wind souni&gs
taken at the Weather Bureau observatory at Silver Hill, Maryland, from
July 1, 19j3, to July 1, 19. These soundings were taken with the
AN/GMD-l rawin system. Briefly, this system consists of radio-direction-
finding and radiosonde equipment. The direction finder automatically
tracks a balloon-borne transmitter and records the elevation and azimuth
angles at Ol-minute time intervals. The radiosonde equipment provides
simultaneous data on the air temperature, pressure, and humldity which,
are used to determine the altitude of the balloon. The track of the
balloon as ccauputedfrcm the altitude and the elevation and azimuth angles
then provides the information on the wind speed and direction at different
altitudes. In the routine evaluation of the rawin data, average values of
the wind speed and direction are determined at consecutive l-minute time
intervals from the time history of the flight path of the balloon. Since
the rate of ascent of the balloons used in the present soundings was
approximately 1,000 feet per minute, the wind observations were obtained
at about 1,000-foot altitude intervals.
.
The altitude cuverage of the Silver Hill data is indicated in fig-
ure 1 in terms of the number of soundings which reached various altitudes
during the one-year observing period.
In developing
acteristics of the
EVALUATION OF DATA
General Considerateions
the method of evaluating the soundings, both the char-
wi.nddata available and the properties of the distur-
bances @ortant to the airpke response were ~ofiidered. As an illus-
tration of the characteristics of the wind data, several of the Silver
Hill sound~s are shown in figure 2. The soundings in figure 2 were
selected to illustrate some of the extreme variations in wind speed and
wind direction which were indicated by the data.
The outstanding features of figure 2(a) are the large variations in A
wind speed which are indicated by the soundings for altitudes between 9
and 19 kilmeters. For the largest of these variations (the sounding of
December 23, 1953), the wind speed increases shsz’plyfrom about bo mps
—
—.—-—. .—. __ _
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at 13.6 kilometers to U7 mps at 14.5 k.ilcmetersand then decreases
rapi~ to 20 mps at 16.7 kilometers. Such lsrge fluctuations in wind
speed would result in intense wind shears over consecutive altitude
intervals of 0.9 and 2.2 kilometers. Figure 2(a) also shows that only
small changes in wind direction are associated with the large speed
fluctuations. In figure 2(b), large variations in wind speed are also
indicated near tropupause levels, but the significant features are tlk
large and erratic variations in the wind direction indicated for the
higher altitudes. For the sounding of December X2, 1953, in particular,
almost a complete reversal of wind direction is shown between altitudes
of 19.2and 20.3kilometers. Although the wind speeds are relatively
low and constant over this altitude interval, such a large change in
wind direction would result”in a large wind shear over a depth of
1.1 kilometers.
In evaluating these soundings for data pertinent to the response
of an airplane in vertical flight, the important quantities appeared to
be the intensities of the wind shears and the thicknesses of the shear
layers. In addition, since the important velocity components for studies
of the loads or motions of an airplane in atmospheric disturbances are
usually those acting normal to the wing or tail surfaces, it was con-
sidered desirable to resolve the wind shear into two crosscomponents.
Although different sets of reference axes couldbe usedto specify the
two components, the maximum shear values resulting from the variations
with altitude of both wind speed (fig. 2(a)) and wind direction (fig. 2(b))
could best be represented by using the wind direction at the base of the
shear layer as a.reference. In the subsequent evaluation of the Silver
Hill soundings, the component in the direction of the wind at the base of
the shear layer is referred to as the longitudinal shear. The component
perpendicular to the longitudinal shear is referredto as the normal
shear.
Method of Evaluation
Evaluation of soundhgs.- In order to illustrate the method of eval-
uating the two components of the wind shear, the results from a section
of a sounding are given in figure 3. For the evaluation, the wind vector
at the surface is taken as a reference and the wind vector at the next
highest altitude is then resolved into components along and normal to the
direction of the surface wind. The average wind shear for each component
of this layer is then given by the difference between each component and
the surface wind speed divided by the altitude interval between the two
levels. For the longitudinal component ti the first altitude interval
in figure 3, the shear S is givenby
s
VI Cos(cq -q)) -Vo
=
hl-~
(1)
. .—- .. .—--— —. ——.——— —- .——— .— .—— —..—
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In evaluating the data, it is of course necessary to set some lower
limit or threshold which is based on both the accuracy of the data and the
values which become unimportant to the airplane response. From such con-
siderations of the data, a threshold of 6 reps/kmwas established for the
evaluation.
.
E the value of S determinedly equation (1) is less than the
threshold of 6 reps/km,the wind shear is discarded. The wind vecto$ V1
in figure 3 is then taken as the new reference, and the calculation for
the component of wind shear in the direction of Vl and between alti-
tudes ‘hl and > is similarly made. E the new value is also less
than the threshold, it is discarded and V2 is taken as the reference.
If, however, the value of S as determinedly equation (1) is 6 reps/km .
or greater, the extent of the shear layer is determined by calculating
the longitudinal component of the wind shear for the next altitude inter-
val. By referring to figure 3, this calculation for the shear incre-
ment AS can be made from the relation
(2)
For the cases where & is less than 6 reps/km,the original value
of S is the desired wind shear, and the thickness of the shear layer
is hl - ~. For the cases where AS is equal to or greater than
6 mps/lan,the calculation indicated by eqmtion (2) is repeated for
vectors V3, v4, . ..vn untila value less than the threshold is
obtained. This point then indicates the top of the shear layer. The
final value for the longitudinal component of the shear for the layer
is given by
St = % cos(% - ~) - VO
%-ho
(3)
In proceeding with the calculations,the upper altitude ~ now
beccsnesthe reference for the next shear layer. In these calculations
a wind-shear layer includes only those values of AS which are in the
same direction as the shear for the initial interval; that is, AS must
have the same sign as S. Also, the shear values represent only the
average velocity gradient over a given altitude interval. The method
of cwrputing the winds from the recorded surface data, in addition, tends
to smooth the sharper velocity fluctuations which may occur between the
approximate 1,000-feat observing intervals.
The steps for calculating the normal component of wind shear are
similar to those given for the longitudinal component except that the
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cosine function is replaced by the sine function and, of course, VO
drops out of equations (1) and (3). The value for the normal c~onent
of the sheer for a given layer is given by
Vn sin(~ - uo)
St =
%-%
For further information on the method of
(4)
evaluation, the calcula-
tions for the longitudinal shear components and the alti&des and thick-
nesses of the shear la~rs for the sounding of Deceniber23, 1953
(fig. 2(a)) are sumar ized in table 1. In figure 4, the absolute values
of both the longitudinal and the normal components of the wind shear
evaluated frcnn20 soundings for the 10- to 15-kilometer altitude interval
are plotted against the thickness of the shear layers to ilhstrate the
general characteristicsof the data obtained.
Evaluation for effect of measurement errors.- As has been indicated
previously, the wind measurements from the rawin system are subject to
error beca~e of limitations in the performance of the surface radio-
direction-findingend radiosonde equipment. These errors in the wind
observationsbecome particularly serigus at high altitudes for strong
winds and low elevation angles and, of course, propagate large errors in
the shears calculated from the wind speeds, directions, and altitudes.
It thus becomes important to evaluate the magnitude of these errors in
the wind shears. The method used for evaluating the effect of these
measurement errors on the wind-shear data is given in the appendix.
Briefly, the method consists of estimating the root-mean-squm?e error in
the wind speeds and directions fran the inherent observational errors of
the rawin system. The wind-measurement errors depend upon such factors
as the elevation angle and altitude of the balloon; consequently, it
was necessary to examine the wind speeds and directions pertinent to
each shear measurement. The resulting root-mean-square error in each
shear layer was then determined.
These calculations“forthe effect of the instrument errors on the
shear intensities indicated that many of the shear values were meaning-
less since the root-mean-square error for these cases was equalto or
even greater than the value of the wind shear. As examples of the rela-
tive magnitude of the errors associated with the wind-shear values, the
root-mean-square errors are given in figure 4 for several of the longi-
tudinal and normal.shear layers. For higher altitudes and strong winds
the relative magnitude of the errors may becme appreciably greater than
for the cases shown in figure k because of the low elevation angles.
(See a~endix. )
In an attempt to sort out the unreliable data, all shear layers in
which the root-mean-squareerror was greater than the ccmputed shear”were
discarded. As an additional check on the data, a detailed examination
. -. .. . -- . . . . .. . . ——- .._— — .— .-——-—... — ———. —. .—
8was made of the soundings which indicated extremely
ticula.rlyerratic changes in wind direction at high
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erratic winds, par-
altitudes for high
wind speeds. Such cases in which large fluctuations in wind directi&
occurred between the consecutive 1,000-fout recording intervals were
considered as reading or recording errws and were nut included in the
results. liIaddition, all values for which the elevation angle was less
than ~ we considered questionable and were discarded because of the
large errors associated with these readings. This screening of the data
resulted in discarding a~roximetely 10 percent of the shear layers cal-
culated for altitudes less than 15 kilometer$ and 30 percent of the shear
layers calculated for altitudes greater than 15 kilometers. The shear
data ~e thus probably biased to the extent that the intense shears at
high altitudes and strong winds are not suitably represented.
RFsuLTs
The soundings were evaluated for the longitudinal and normal com-
ponents of the wind shear and the depth of the shear layers by means of
the procedures discussed in the preceding section. As would be e~ected,
considerablevariation existed in the intensities aud altitudes of the
shear layers from one sounding to enuther. In ozder to determine the
uverall altitude and seasonal variations in the wind sheers, the data
were grouped by 5-kilometer altitude intervals for the four seasons:
spring, March through May; summer, June through Au@t; fall, Septexiber
through Nuvember; and winter, Deceniberthrough February.
An inspection of these results indicated that the positive and nega-
tive values of the shear intensities were about equal in number and were
symmetrically distributed about the threshold value. The positive and
negative values were accordingly combined and the resulting frequency
distributions are given in table II for shear intervals of 5 reps/kmand
for the 5-kilometer altitude intervals of each season of the year. The
tutal.number of shear layers, the number of soundings obtained at each
altitude interval, and the average number of shear layers for each sounding
are also given in table II to indicate the ssmple size and the average fre-
quency of occurrence of the shear layers. In addition, the root-mean-
()
1/2
square shear p obtained from each of the distributions is given
to provide a measure of the shear intensity for the different al%itudes
and seasons. An increased rout-mean-squarevalue, in general, indicates a
greater probabilityy of exceeding the larger shear intensities. These
values are not given for the 25- to 30-kilcnneteraltitude interval of .
the spring and winter seasons because the data represent only three
soundings.
---— .. ——. .—. .-. .—..— .--—. _ --
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Although table II summarizes only the more
shears, random errors are still associated with
9
reliable data on the
each value in”the table.
No stile method appeared available to account for these errors. As a
measure of the relative reliability of the data for the various altitudes
~ 1/2
and seasons, however, the rout-mean-squarevalue of the errors ()us!
is also given for each distribution. The appreciably larger errors asso-
ciated with the data at the highest altitudes are ap~ent from a cmpar-
— 1/2
()ison of the values of as,2 in the table.
Since the data in table II represent only the intensity of the aver-
age shear gradients and provide no information on the thickness or the
vertical extent of the shear layers, the data were also sorted to examine
the layer thicknesses for variation with altitude, shear intensity, and
season of the year. Sample distributions indicating the probability that
given layer thicknesses wwuldbe exceeded are shown in figure 5 for both
the longitudinal and normal shear components &nd for the different alti-
tude intervals of the winter season. In figure 6, the probability dis-
tributions are shown for different ranges of longitudinal shear intensity
for the winter season. Other distributions also indicated only minor
variation in layer thickness for the different altitudes, seasons, or
shear intensities and are nqt shown.
.
DISCUSSION W WIND-SHEAR~S
The results presented indicate the general characteristics
shear layers as obtained from an analysis of balloon soundings.
of the
As haS
been indicated, these results pr~de measurements of only the average
shear gradients for layer thicknesses greater than about 0.3 kilometer -
and are limited in accuracy, particularly at the higher altitudes. The
data, however, provide information on at least the general level of the
shear intensities and their frequencies of occurrence and afford a basis
for assessing the significance of the shears in regard to airplane or
missile behavior. Some details of the results obtained are discussed
in the following paragraphs.
Shear Intensities and l?requencies
Very intense longitudinal shears of 100mps/km or greater are indi-
cated in table II for the winter and sprihg months and of about 80 mps/lan
for the summer and fall months. As has been noted, the normal shear
intensities are of smaller magnitude but the maximum intensities are
still about 50 to @ reps/km. These results indicate that intense verti-
cal wind shears may be encountered by an airplane or missile in vertical
flight, particularly at altitudes from 10 to 25 kilometers.
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An indication of the average nuniberof shear layers which might be
expected for such flights may be obtained by considering the average num- .
ber of shear layers per sounding in table II. For the more intense shears,
table ‘II(a)indicates ~ cases with intensities greater than 50 reps/km
for the spring season at altitudes from 10 to 15 kilometers. Based on
the 1~ soundings for this altitude ipterval, a shear layer with an
intensity greater than 50 reps/kmwould be exQected on the average once
in seven soundings (or flights). Although these values give no indica-
tion of the numiberof titense shear layers that might occur for a given
flight, an examination of individual wind profiles ~such as in fig. 2)
indicated that “fingers” or adjacent layers of high wind were ccmmon
to many soundings. It thus appears that several intense shear layers
would be encountered in some cases.
Altitude or seasonal variations in the wind-sheer data in table II
may be estimated by comparing the values of the root-mean-sgyare shear
— 1/2
intensities ()
~t2 at the different altitudes and the associated
root-mean-square errors ()
~ 1/2
us1 . For these ro&nean-square values,
increased root-mean-sqyare errors would result in ficreased rout-m&n-
square shear intensities. On this basis, a comparison of the values in
— 1/2
the table indicates that the root-mean-square ~hear intensities ()
S12
are reasonably representative at the lower altitudes but are much too
large at the @&& altitudes. As a consequence,the
suggest a general maximum in the shear intensities at
levels for the winter and spring seasons.
Layer ‘lhiclmess
data in table II
about tropopause
Figures 5 and 6 indicate no ap&eciable effects of altitude or shear
intensity, respectively, on the layer thicknesses. The figures also
indicate that only about 10 percent of the shear layers encountered by an
airplane or missile would be greater than 1 kilometer in thickness. It
might be again noted in this connection that the minimum measurable layer
thickness was abuut O.3 kilometer. The tendency for smewhat thicker
layers of normal shear to occur at altitudes from O to 10 kilometers than
at higher altitudes (fig. 5(b)) probably results from the variable winds
usually found at low al.titudes.
Since the ccmibinationof both the layer thickness and the shear
intensity is of titerest in considering airplane or missile response,
the following examples are given for several of the more severe longi-
tudinal shear layers measured from the soundings. Shear intensities of
106, DO, and 125 mps$m were associated with layer thicknesses of 1.3,
0.67, and 0.62 kilometers, respectively. Other typical values were shear
..—. ______ .-
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intensities of 61, 80, and 90 reps/kmwhich had thicknesses of 1.5, 0.36,
and 0.76 kilcuneters,respectively. As has been indicated, the layers of
normal shear covered about the same range of thicknesses but the inten-
sities were less.
Geographical.Representativeness
As has been mentioned previously, data on the wind shear are avail-
able from other investigations. Comparison of these data indicated large
variations, as would be expected for the different geographical locations.
The results are summarized briefly in the following paragraph to indicate
the differences in the shear intensities which might be attributed to
geographical effects.
An examination of the wind soundings given in reference 5 indicates
maximum vertical wind sheers of about 135 mps/lanat an altitude of
23 kilometers over Japan’during the winter season. The layers were less
than 1 kilometer in thickness for these extreme cases. For layers greater
than 1 kilometer inthiclmess, the data indicate maximum shears of about
80mps/km. Anevaluationof a smallmmiber of wind soundings takenuver
~ (ref. 6) dw~ one month from each season of the yeer indicates
maximum vertical wind sheers of about 25 reps/kmat altitudes from 20,000
to ~,000 feet. Reference 1 cites vertical wind shears of about 100mps/km
which were observed at an altitude of .30,000feet during airplane research
flights uver Australia. The thicknesses of the layers aver which these
sheers were measured are not given. Reference 7 illustrates several cases
in which vertical wind shears up to 60 mps/kmwere observed during jet-
stream occurrences over easterh and midcontinental locations .inthe United
States. The thicknesses of the shear layers cannot be determined accu-
rately from the vertical-wind profiles given in the reference, although
the layers appear to be less than 1 kilometer thick.
The results of these different investigations suggest sizable varia-
tions in the shear intensities for the ddfferent locations. For locations
under the influence of severe jet-stream activity - such as evidenced by
the data frcm Japan in reference 5 - more severe shear intensities than
given in table II maybe e~ected.
EFFECT OF WIND SHEAR ONMISSIIERESPONSE
As an indication of the effect of a given wind-shear layer on the
loads and motions of an airplane or missile in vertical flight, calcu-
lations were made for the acceleration and translation, normal to the
longitudinal axis, of a ballistic missile traversing a wind-shear layer
at altitudes of 35,000 and 70,000 feet. For these calculations, a single
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shesr gradient of 100 mps/h extending over a depth of 1 kilcmeter was
selected as being representative of the more titense shears of table II.
Ami.ssile configurationwith high mass and lowdsmping of the short
period was selected as being typical of current ballistic missiles. The -
values for the missile parameters used in the calculations were based on
available wind-tunnel-test data at a representative flight Mach nuniber
for the type of missile under consideration.
In performing the calculations,the normal response of the missile
to a linear-gradient shear layer was obtained by superpositionfrom the
calculated missile response to a unit step gust. The acceleration
response at the center of gravity for a unit step was determined by means
of a solution to the equations of motion given in reference 8 for the
case of a rigid missile free to move in a direction normal to its longi-
tudinal axis and to pitch about its center of gravity.
The results of the calculations indicated a maximum acceleration
increment of about 0.6g and a lateral displacement of about 6 feet at
an altitude of 35,000 feet. At an altitude of 70,000 feet, the corre-
sponding values were about 0.3g and 3 feet, respectively. Check calcu-
lations for several other tailed and tailless missile configurations
and current fi@ter airplanes traversing the shear layer indicated maxi-
mum acceleration increments up to about 1.5g. Although these values of
acceleration may be significant,they still appear somewhat small com-
pared with the accelerations expected for high-speed airplane or missile
flights through more severe turbulence such as maybe encountered in
thunderstorms.
CONCLUIXIMGREMAIUB
The analysis of the daily upper-wind soundings obtained frcnnone
station for a period of one year is an attempt to obtain vertical-wind-
shesr measurements in a form suitable for studying airplane- and missile-
response problems. The results obtained on the shear intensities, fre-
quencies of occurrence, and thicknesses of the shear layers and their
variation with season and altitude are limited, both in regard to the
accuracy of the results and the altitude ran&
snce of the surface tracking equipment. These
vide a basis for assessing the significance of
plane or missile behavia.
Langley Aeronautical Laboratory,
covered, by the perform-
results, however, pro-
the shear layers on air-
National Advisory Committee for Aeronautics,
~@ Field, Vs., April 18, 1956.
—..— .——. .— —. - . .—
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EFFECTOF MEA~ ERRORS ON WIND-SKFAR CAK!UIATIONS
,
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In estimating the errors in the tid-shear calculations, use is
made of the errors in the measurements of wind speed, direction, and
altitude which are inherent in the rawin observations. Estimates of
these errors in the wind measurements are based on the results obtained
from a Signal Corps study of the performance of the AN/GMD-l rawin set
(ref. 9)andresults obtained atthe Iangley Aeronautical Laboratory.
The Signal Corps study indicates that the standard (root-mean-square)
errors in the various quntit ies measured with the rawin system are as
fOllows:
Absolute elevation and azimuth angles, deg . . . . . . . . . . . . 0.1
Incremental elevation and azimuth angles, deg . . . . . . . . . . O.@
Absolute pressure, altitude less than @,000 feet, mb . . . . . . 3
Absolute pressure, altitude greater than 40,CX)0feet, mb . . . . . 1.5
Increment81 pressure, nib.. . . . . . . . . . . . . . . . . ...1
These instrument errors are tied in reference 9 to derive the resulting
errors in the wind telocity. A comparison of the results given in refer-
ence 9 for the different instrument errors indicates that significant
contributionsto the errors in the wind velocity arise from the errors
in the incremental elevation angle and the incremental and absolute
pressures. On the basis that these instrument errors are randan and
independent, the resulting root-mean-sqpare error in the wind velocity
may be obtained from the square root of the sum of the squares of the
individual errors in the measurements. This root-mean-sqyare error in
the wind velocity is shown in figure ~ as a function of altitude and
elevation angle. It will be noted from figure 7 that the root-mean-
sqpare error’in wind velocity increases rapidly with increasing altitude
and decreasing elevation angle.
The errors in the measurement of wind direction were estimated from
a limited series of soundings taken at the Langley Aeronautical.laboratory
in which both a modified SCR-584 radar-phototheodolitesystem and an
AN/GMD-l rawin syst6m were utilized for balloon tracking. The soundings
were made to altitudes of about 60,000 feet and rqresented wind veloc-
ities up to 50 or 60 miles per hour. The radar system is described in
reference 10 and is considered as the most reliable method available at
the present time for obtaining balloon positioning data. The differences
between the wind directions computed for the radar and AN/GMD-l rawin
systems for simultaneous l-minute observing intervals were used to deter-
mine the root-mean-square direction error of the AN/GMD-l rawin system.
...
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The resulting value was about 4° for the altitudes and wind conditions
represented. This value of 4° was used to represent the root-mean-sqwe “
wind-tirection errors in the Silver Hill soundings.
Check c~culations for a number of sheer ~ers evaluated from the
present data indicated that the effects of the errors in the altitude inter-
val were small compared with the effects of the errors in the wind speed and
direction (less than 10 percent). The ez%rs in the thicknesses of the
shear layers were accordingly neglected.
Conventionalmethods were used to estimate the root-mean-square
errors in the longitudinal and normal components of the wind shears fr(nn
the preceding values of the root-mean-square errors in wind velocity and
direction. For the case of the longitudinal shear, the following expres-
sion given in the section entitled ‘tMethodof Evaluationltwas used to
evalwite the shear intensit-y:
Vn cos(~ - CL()) - V.
St =-. (5)
q-no
The errors in the wind shear S* result@ frcm the random errors in
measurements of Vn, VO, %j =d ~ -Y then be ewressed by the
derivative of St
the
.
where the da and dV terms are the errors in the wind directions and
velocities, respectively, for the upper and lower altitudes of a given
shear layer. Check calculations for a nmiber of the longitudinal-shear
layers indicated that the changes in wind direction were generally less
than 5° for the signtl?icsntshears and that neglecting these directional
changes would result in discrepancies of less than 10 percent. The term
containing the sine of the singlewas accordingly dropped from the pre-
ceding equation, and the cosine of the angle was considered to be unity.
On the basis that the errors represented by du and dV are random
and independent,the root-mean-square error in the computed values of
the longitudinal shear ccmrponentsmay then be obtained fran the square
root of the sum of the s-es of the remaining terms, or
(7)
where a in each case indicates the root-mean-square error in the
designated quantity.
— . .
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For most values of the wind shear evaluated fram the
ings, the thiclmess of the shear Wyer ~ - ~ was less
15
present sound-
than 2 or 3 kilo-
meters and elevation-angle changes of less than O.1° or 0.2° occurred
between the rawin readings for the upper and lower altitudes. Inspection
of figure 7 indicates that under these conditions only small.differences
would be determined for the root-mean-square errors in the wind velocity
for the upper and lower altitudes of a shear layer, and, in order to
simplify the calculations, Uvn was taken-eqyal to ~o. The relation
for the rock-mean-square error in the longitu~ component of the wind
shear then becomes
1.4
“S’=%l-ho”v
(8)
A similar procedure was fouowed to estimate the root-mean-square
errors in the normal ccmponetis of the wind shear. The final expression
for the root-mean-square-errorof the normal component
[%
“s’‘Z%2aa‘2c0s2(%-%)‘avn2sti2(%
of the shear is.
1
1/2 -
- %) (9)
. Many of the significant normal-shear layers resulted from large changes
in wind direction; that ig, ~ - ~ “waswp to 45° or greater. Accord-
ingly, both the sine and the cosine terms must be considered in calcu-
lating the value of as~ for the normal-shear cases.
~stitution of the pertinent values of ~ from figure 7 and the
value of 4° (0.07 radian) for ua, together with the given values of
h and a for each shear layer in eqyations (8) and (9), yields the
root-mean-square errors in the longitudinal and normal components.of
the wind-shear layers. ..
16 NACA TN 3732
REFERENCES
1. Widger, Willism K., Jr.: A Survey of Available
Wind Fields Between the Surface and the Lower
Force Surveys in Geophysics No. 25, Air Force
Dec. 1952.
.
Infor&tion on the
Stratosphere. Air .
Csmbridge Res. Center,
2. Hurst, G. W.: The Profile of a Jet Stresm Observed 18 January 1952.
mer~ Jow l ROY. Meteorolo@csl SOC., vol. 78, no. 338, Ott.
1952, pp. 613-615.
3. Alakaj M. A., Jordan, C. L., and Rensrd, R. J.: The Jet Stresm.
NAV. 50-lR-249, Bur. Aero., June 1$ 1953.
k. Jenkins, C. F.: A Survey of Available Information on Winds Above
30,000 Feet. Air Force Surveys in Geophysics No. 24, Air Force
Cambridge Res. Center, Dec. 1952.
5. Anon.: The Relay Observations of Upper Winds Over Honjo and Tateno
in the Winter Season, lg51-52. Jour. Serological Ckmervatory at
Tateno, vol. 5, no. 3, Mar. lg54, pp. 199-218.
..
6. Bannon, J. K.: Shear Frequencies in the Upper Troposphere and Lower
Stratosphere Over England. The M&teorological Magazine, vol. 79,
no. 936, June 19, ~. 161-165.
.
7. Clem,LeRoyH.: Clear-Air Turbulence at High Levels. Proceedings
of the Toronto Meteorological Conf. 1953, Roy. Meteorological
Sot., 1954, pp. 193-198.
8. MOtiZyCki, G. A.: Application of the Iaplace Transformation to the
Solution of the Lateral and Longitudinal Stability Eqyations. NACA
TN 2002, lg50.
9. Davis, Howard, and Shefter, Seymour S.: Study of Single Station
Atmospheric Sounding E@tem. Vol. I. -Tech.Memo. No. M-1341
(Dept. of Army Project No. 3-25-08-033), Signal CO?.TSEng. Iabs.
(Fort Monmouth, N. J.),lNov. 30, 1$1’jO.
10. Zalovcik, John A.: A Radar Method of Calibrating Airspeed Installa-
tions on Airplanes in Maneuvers at High Altitudes and at Transonic
and ~ersonic Speeds. NACA Rep. 985, 1%0. (SupersedesNACA
m 1979*)
-. .-. . .-. -.. — ..— . ..—.— —. . .. . .
—
3s
.
.
“
.
. .——... . _ -— ..-— —._. _ ._. — -— — —- . — ... .—— — —— — . . . -. --—
—.
18
TABLE I.- CALCUIA!I!IONSFOR ~J!JGITUDRWILSKEAR
—..
rum m 3732
Bylm.amtm ~*firat&titd0mtan81
~ Vld
b, a@@a, AltlbaQ -l ~v,
k
dlrmual, %-% v.a+ - %.J v. -(% - %-l)-%18 ~-~ 8,
* -40-+& h & “% W w w b =K4
o — O.* b 330
1 27.6 .330 u 3%? 9, 0.99$W 32.93 7.99 0.24s 33.0
2 2b.6 .@ XJ 3al -u .S8@ lrt.76 .76 .* e.1
5 *.2 Lao M! 291 * .9555 lo.s6 -2.* .Xa 4.4
b $$a L* M! $.69
5 27.2 L7M 16 * -v 0.S563CI XJ.w 3.3U 0.330 9.8
6 s.1 2.030 S3 m
7 *.Z * 27 Zbl
8 22.4 2.831 a * --l .9385 m.78 1.78 .380 b.’l
9 ZO.9 3.mo B &s -1 .99s3 32.m 3.CO .310 6.1
30 lg.b 3.570 R m o Lm 32.s0 o VW o
U d= 3.s0 33 w. -a .s%!39 Z.* .90 .350 2.8
u! llto 4.2m 37 * 3 .9s%63 36.93 3.93 .%4 U.o
a3 16.o Wso 38 * o l.omm %00 Lm .X0 2.8
W au 5.010 37 29 0 l.ocOCO 37.00 -LOO .370 -2.7
U lb.6 5.330 37 * 8 O.s?cq %Ai -0.36 O.= -0.9
16 li.o 5.760 & 232 10 .Sf=l b3.33 6.33 .370 17.1
11 13.2 6JO0 % m
IB X%1 6.WO a %2
19 u 6.* 50 231 -1 .* iy.sl+ -3.o1 .mo -9.7
m log ?.lm a 230 -1 0.- &w 3.W O.= 7.9
n 1o.4 7.s0 m m
n 9.8 7.950 M %
23 g.k 8.310 81 * & .99U6 60.80 .60 .39Q 2.1
& 8.8 8.Lwa 78 al -1, .9s% 77.99 +.m .3s0 4.6
!5 8.6 9.0$0 m * -1 .99s83 80.93 I?.w .% 7.9
NACA TN 3n2
COMPONENTSFCfRSOUNDINGOF DECEMBER23, 1953
19
— ——
—
b
m
u
.7
—
1.3
2.6
5.9
5+
6.!
—
6.1
2.:
—
+!s-+
IL99
7.39
7.39
+.&l
0.2%2
.*
63.0
4.6
-9
-z
0.3s769
4=566
la.a
7.W
5.73
21.33
23.W
$5.76
.X4
.530
— — —
L.66
6.o5
2s
.@
,.364
.350
.hm
.392
-h6
17.s
6.5
.2
-69
-a
-a
-33
0.3$337
U.&
MO
1..11o
3P
.m%
.616w
o.-
.93?63
X.oa
37.65
1.370
.360
0
2.6
-1
3
0
l.cm
3 %9s$3 X.!a 3.% o.36a 11.o
U
10
9
0.$?263
.-
.9P%
%.97
60.07
37.=9
L6k
5.1o
L*
).*
.330
.X0
10
-1
60.07
57.69
23.ul
.3.a
LAO
.310
a?.a
-9-1
-2
-2
-5
-$
-2
0.9W39
.3%39
.*
.93736
.96939
60.66
%s
79.70
80.60
&.%
).*
.W
.kao
.*
.53
7.6
55.I
U.:
2.!
7.(
0.966W
.93X3
79.W
n.69
a.70
-3.o1
1.130
30
la.??
-3.6
—
— —
. ..... . . . . —. ..— —— —--- —
—.
—. —— -—
20 NACATN 3~2
TABLE1.- CAICUI&CIONS FOR LONGITUDINAL SHEAR COMPONENTS
rmwlmti ~*first~~
~ htituae - mdU=& -, ~~ TalOp ~. *-- v= aas(%-~), VmCc9(k-~) -v- ~-~ s,
-(% -%-l)& d % w -w -s w h WA=
$.6 8.3 9.4m B 240
m 7.9 9.6s0 B m -2 0.s9339 K@ .6.6 o&o -19.6
26 7.7 lo.m &? a
29 7.? lo.ao 60 m b .99136 lga 17.60 .* 5a.4
50 7.3 “lo.gsa 93 *3
s 7.2 llA40 w *3 o Lcccco *CO -3.W O* -6.7
32 7.0 U.$P Su * 1 .93s3 9.99 b.gs Am U.6
33 6.9 m am $+6
3$ 6.6 lwp lo3 M 1 .%s3 UQ.* -.@ .3s0 -.1
33 6.$ lP”go) m =sl a .s939 99.* -3.06 .3x -9.3
%, 6.3 13.2m a S59
37 6.3 V-=0 ~ e .
53 6.3 1).glo a W 1 0.9s5 M.99 3.s 2.s0 m
39 6.3 Ih.zlo 60 263
ho 6.3 #m U? m
Q 6.I lb.s!io 100 M -3 o.936a9 gg.62- 47.56 0.420 AA
U 6.I 33.330 w *
b3 6.1 13.WJ b *
w 6.I I&w ho * 0 l.omm &.@ -2.0 .330 a
6 6.2 16.3m 33 *
46 6.3 M.loa m S31
b? 6.3 17.LW u a -7 O.= 4%66 2%6s 0.300 a5
b6 6.3 mm 67 *
kg 6.2 17.6W e * 0 l.omm 67.00 0
.W 0
0 l.ccQm
30 ti 17.9M n 2i6
77.00 m .300 33.3
31 6.I W + * 0 l.mmo *.CO 0.3M O.* -1&o
%? 6d 16.3ao io 2M
53 6.I 16.630 = S+6
.. .-
NACA TN 3~2 a.
FOR SOUNDING OF DECEMBER 23, 1953- Concluded
~nxutfat.&-14er mralti~
Vm c+ -+ 1=em(~ - qJ - VW ~-+ n’, IJo,
‘~~ CM(% -~) ‘=‘-: --)’NJ ~;% :b +:* ~~ . ~) ~
-
h
-b ~
-1 O.!lga *.93 16.m 0.440 40.9 -1 O.m Se@ m.gj O.&3 23.6 &7
-3 .sS0 pa all .km +9.0
-7 .93e8 6L3$ -3.6.%? Am +.2 -7 .9%53 6L3$ -%n .&O 4.7 9.>
-3 .9S63 19.@ 16.n .* 9.0 .“
10 .Swl 9.39 U.w .3x 33.7 10 .- 9M9 m.m .69a 4&9 1o.3
IS .0S81 W.e 4% * -6.6 0 l.- 90.W -xm 0.430 4.7 Lo
1 .9S3 *.99 4.99 A30 32.6
5 .%@ l@61 7.61 “ .33U $Z.7 5 .9S9 lm.a I&a .703 Ma u
6
.99X =~ >-.l~ ~ -.5
10 w- 39.03 -40.03 O.n -low
T .95=33 39.70 -U.39 .* *.O 7 0.9S58 39.70 -63.30 1.G50 40.3 12.6
0 .99m7 b3.37 3.07 a 13.3
5 .%@ s3.n l%% .300 32.6
.5 .%@ U&33 %.in .no W3a * .3%19 m 76.33 .Sm ml 13.6
-10 U6m 59.M -l&q O.bm -b3.o
-u .93M3 Ma .** .3s0 +.6
-u .@@ 4L23 -%@ .370 -U.9 ~ o.sOl@ u -B.n &160 -S.2 14.3
4 .- 39.27 -l@ .% -3.9
16
.* %081 -3-V .* -l&3
1? o.@30 W.13 +.68 0.330 47.9 17 0.s%30 19.13 -=67 l.om -2%9 -11.7
10 .* 43.30 Al? Joo 67.2
-u .- 5.77 = .m 6L9 -m .%163 e.n W.n .6m a.o 16.7
-u .* 5.77 0 .3m o
0 l.aao n.ca low .3M
o
33.3 17-6
~ 74.00 -3.00 0.300 4.0
0 l.cmm io.oo +4.m .3M -lo%?
o l.mam ea.m -l&00 .3M a.1 o Memo M -5%00 0.s3) +9.8 17.9
. . ..- . .. . . —... — ..— _ . .— — —_— .— -——— -----
N
m
I
.,
. . .. . -.
24. m m 3732
I 1
—%
I :x ot05 I Stolo 2ot013 IA3boalmb023etc.%
3a 262 20z % 39 2x w.
lg 17
3 1 : :
1 1 3
1
1 1
b3y m a *
1’32 M w “3
w 35 2-5 b.~
Xi.1 =.9 12.6
6.b 5.9 6.% -
nu I
s ~ 3g
33
16 1 23 ~ %? ;1 6
1 1 5 i
1 1
;
1 1
1
3s6 * 446 & 3P 63
Ml 176 1s 161 230 39
2.2 2.6 2.s 5.9 2.2 a.1
9.9 8.7 AO.6 U.3 9.9 9.5
I I I I I
2A 3.9 M 4.5 b.y b.9
4
lfgag
$!
1 ~
2
m 418
m W3
2A
Mh
73
m
2
1
1
1
2
1
2
B
m
l-s
23.9
6.2
-
m
lg
26
9
6
3
i
b%
W9
2.7
23.0
7.3
al
w
3J
16
10
8
6
1
e
*
m
k4
l%a
6.9
X6
z
$5
U
2
2
2
ml
2A
22
5
3
1
a
3
7.0
.
.
.
.
.
...—- —.—..—-——.—— --- ————---—
-.—-— —-—— .- .-— -- ———-
—
NACA TN 3732
.
32
28
24
20
12
8
4
0
I I I I I I I I
100 200 300 400 500 600
Number of soundings
JW3- 1=- Number of soundings reaching various altitudes for
observations used in present study.
700
one-yesr
—. . ..— .—. - _—_ .— —... —.
—. . . . . . .—— - —
-—— .— ——
..
26 NACA TN 3732
.
20
‘ 16
[
5 12
.
G
a
.-
+- 1
( DeC23, 195310 AM
‘L
o 40 80 120
20
16
4
0
Speed, mps
.
/
Nov.15,1953
10 PM
I I I
40 80 120
Speed, mps
I t [
90 180 270 360
Direction,deg
L
.
‘j, ,
90 180 270 360
Direction,deg
(a) Lerge variations in wind speed.
-e 20- Sample3 of wind data.
.
.
.
-.. . . .-
20
16
.
4%
a
.
o
20
16
4
0
! Dec. 12,195310 AM
1 1 1
40 80 120 90 180 270 360 90
Direction, degSpeed, mps
June 29,1954
40 80 120
Speed, mps
I
~
O 270 180
Direction, deg
(b) Large variations in wind direction.
me 20- ~ncl~dc
.. ——- .- _____ ___ ..__
-—--—.—.—— - — . _—-
28
Figure 3.- IUustration of method for evaluating wind shear layers from
soundings obtained from AN/@lD-l rawin system.
.
..
. .-
. .
““L
—.
_—— —... — - —
..—. ...
I2.4
n
mm error ,
reps/km
o
d-l
7’.0
OQ’‘o
~-
0 Q-o b
0 /- 10.7
0
Q)wd o I
k In I I
. -w 1
I I
o
0 20 40 60 80 100 120 i
wind Shear, mpa/kilt
(a) Longitudinal compomt.
I
0 rms errbrs
o m@zm
‘d
Ijc’040
WiXX!she=, mpa/km
(b) Normal ccmpcment.,
-e 4.- V=iation of u sk~ ti~mity tith tMImess of she= IRW= for Mgitd.inal d
normal shesr components (M- to ls-kilcmeter altitude interval).
I
30
1.(
,
*
.-
.-
n
2
0
Ct
.01
.001
Altitude, km
—Oto 5
---- 5 to 10
- 10 to 15
—-. 15 to 20
—.- - 20, to 25
—--- - 25to 30
I I I 1 [
i 2 3 4 5
Thicknesslkm
(a) IOngitudinal Shesr componentsl
-e 5.- Mstributions of thiclmesses of shesr lsyers for different
sltitudes during the winter seasdn.
.—. _ .. _____:
——. .
.
—
.1.(
.1
A
.-
,01
.001
.
Altitude, km
oto5
---- 5 to 10
—— 10 to 15
-- 15 to 20
_ ...20 to 25
—----25 to 30
\
‘%\\\\\\\\
L . .
I I I I
1“ 2 3
I
4 5
Thickness,km
(b) Normal shear components.
me 5.- Concluded.
\
...- .______
—----— - - -—— —_ __
—- .-. — _ _
___ __
NACA TN 3732
1.(
.01
.
0,
Shear intensity
reps/km
6 toll
-——- — llto16
-—–16t021
—--21 t026
—--- 26t031
—— ---- Greater than 31
.
\\
\l -—
b
\
\
\
\
.001+ L ——i I I I 1
() I 2 3-
Thickness,km
F’@me 6.- Mstribtiions of thicknesses of -S
for different shear intensities dmring the
4
of longitudinal
winter season.
5
Shesx
——
— —
—..
s
-33
10
5
Elevation
angle,
deg
5
10
15
20
30
ho J
o 5 10 15 20 25 30
Altitude, kl16metens
=e 70- Root-mean-sqyarewind-velocity error resulting from inherent
errors in AN/GMD-l rawin system.
tJACA -Iangley Field, V&
—. .. .. -—___ __
———— ____ ._ . ..
